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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small wide- 
angle zoom lens having a variable power ratio larger than 
three times, sufficiently separating the position of an 
exit pupil from the image plane, suppressing the 
distortion aberration and having a small number of lenses 
and little aberration. 

SOLUTION: At the time of zooming from the wide-angle 
end to the telescopic end, a first lens group G1 having a 
negative refractive power is moved to the image side 
and reversely moved to the object side on the way, a 
second lens group G2 having a positive refractive power 
is monotonously moved to the object side and a third 
lens group G3 having a positive refractive power is 
moved to the object side and reversely moved to the 
image side on the way. An aperture diaphragm S is 
located on the object side of the second lens group G2 
and integrally moved with it. By representing the focal 
distance of Mth lens group (M=1-3) by fM and the 
composite focal distance of the whole system at the 

wide-angle end by fW, the conditions: (1) 2.62<&verbar;f1&verbar;/fW<2.72 (fKO), (2) f3/fW<3.4 
and (3) 0.57<f2/f3<0.65 (f2>0, f3>0) are satisfied. 
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* NOTICES * 

Japan Patent Offic is not r sp nsibl for any 
damag s caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st group optical system which has negative refractive power one by one toward 
an image side from a body side, While preparing the aperture diaphragm which arranges the 3rd 
group optical system which has the 2nd group optical system and the positive refractive power 
which have positive refractive power, and moves to the body side of the aforementioned 2nd 
group optical system at this 2nd group optical system and one at the time of zooming Zooming 
from a wide angle edge to a tele edge is faced, the aforementioned 1 st group optical system By 
moving an optical-axis top to an image side first, and reversing the move direction to a body side 
on the way, it moves to an image side at the convex arc of a convex, and change of a focal 
position is amended, the aforementioned 2nd group optical system An optical-axis top is moved 
to a body side in monotone, and variable power is performed, and the aforementioned 3rd group 
optical system By carrying out body side HE movement of the optical-axis top first, and 
reversing the move direction to an image side on the way the synthetic focal distance of the 
whole system [ in / fM and a wide angle edge / it moves to the convex arc of a convex, and 
variable power is performed to a body side, and / for the focal distance of the Mth group optical 
system (M=1-3) ] — fW ** — the time of carrying out — these — conditional )2.62<|f1 |/fW 
<2.72 (f1 <0) 

(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

The zoom lens characterized by carrying out ** satisfactory. 

[Claim 2] The negative lens of the shape of a meniscus by which the aforementioned 1st group 
optical system turned the convex to the body side one by one toward the image side from the 
body side, Two lenses which come to arrange the meniscus-like positive lens which turned the 
convex to the body side are included, and and the aforementioned 2nd group optical system The 
positive lens which turned the refracting interface strong against a body side one by one toward 
the image side from the body side, the meniscus-like positive lens which turned the convex to 
the body side, and the meniscus-like negative lens which turned the convex to the body side — 
and — and the zoom lens according to claim 1 characterized by including four lenses which 
come to arrange the meniscus-like positive lens which turned the convex to the image side 
[Claim 3] The meniscus-like negative lens of the two lenses of the aforementioned 1st group 
optical system most located in a body side is a zoom lens according to claim 2 characterized by 
being the aspheric surface of the configuration to which negative refractive power becomes 
weak as the lens side by the side of an image separates from an optical axis. 
[Claim 4] The positive lens of the four lenses of the aforementioned 2nd group optical system 
most located in a body side is a zoom lens according to claim 2 or 3 characterized by being the 
aspheric surface of the configuration to which positive refractive power becomes weak as the 
lens side by the side of a body separates from an optical axis. 
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* NOTICES * 

Japan Patent Offic is not resp nsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a zoom lens suitable as 
a small wide angle zoom lens which has the tele cent rucksack nature for a digital still camera 
and video cameras which starts the optical system of a zoom lens, especially uses a solid state 
image pickup device for a photo detector. 
[0002] 

[Description of the Prior Art] In the so-called video camera which picturizes an animation, solid 
state image pickup devices, such as CCD (charge-coupled device) or MOS (metal oxide 
semiconductor), are used as a photo detector for an image pck-up from the former. Furthermore, 
the spread of a digital still camera or the cameras of the type which is only called a digital 
camera etc., picturizes a photographic subject image by the solid state image pickup device, 
obtains the image data of a photographic subject's static image (steel picture), and is recorded 
on IC (integrated circuit) card or a video floppy disk in digital one is remarkable in recent years. 
There is some digital camera which can picturize not only a static image but a dynamic image 
(movie picture). 

[0003] By the way, it is required for the optical system of the camera which used solid state 
image pickup devices, such as such CCD, that the exit-pupil position should fully have estranged 
from the image surface. This is based on the following reasons. That is, since the color filter of a 
solid state image pickup device exists in the position a little distant from the image pck-up side, 
when the flux of light carries out incidence from across, substantial aperture efficiency falls. 
Moreover, seldom changing ****** of the crystal filter for preventing the moire phenomenon 
resulting from the periodic structure of a solid state image pickup device on the'outskirts a shaft 
top is called for. 

[0004] Moreover, especially, by the latest high sensitivity type small solid state image pickup 
device, a thing with a micro-lens array is just before an image pck-up side, and if the exit pupil 
has not fully estranged from the image surface in such a case, aperture efficiency will fall on the 
outskirts. The zoom lens which performs variable power is well known as the so-called 2 group 
zoom by arranging the 1st lens group which has negative refractive power, and the 2nd lens 
group which has positive refractive power, consisting of body sides one by one, toward an image 
side, and changing the interval of the group of these 1 st lens group and the 2nd lens group. Much 
of such 2 group zoom does not have a desirable exit-pupil position for becoming close to the 
image surface and applying to the camera using solid state image pickup devices, such as CCD. 
[0005] Then, behind the 2nd lens group, by arranging the fixed lens group or move lens group 
which has positive refractive power, it is possible to keep away an exit-pupil position from the 
image surface, and many zoom lenses are proposed. Thus, the example of the zoom lens which 
arranged the lens group which has positive refractive power behind the 2nd lens group is 
indicated by JP,3-20735,B, JP,7-52256,B, JP,6-94996,A, etc. However, the zoom lens indicated 
by JP,3-20735,B, JP,7-52256,B, etc. is designed mainly for single lens reflex camera (single lens 
reflex camera Rex) still cameras. 

[0006] For this reason, with the composition indicated by these Japanese Patent Publication No. 
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the way the synthetic focal distance of the whole system [ in / fM and a wide angle edge / it 
moves to the convex arc of a convex, and variable power, is performed to a body side, and / for 
the focal distance of the Mth group optical system (M=1-3) ] — fW ** — the time of carrying 
out — these — conditional )2.62<|f1 |/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 
It is characterized by carrying out ** satisfactory. 

[0012] The zoom lens concerning this invention indicated to the claim 2 The negative lens of the 
shape of a meniscus by which the aforementioned 1st group optical system turned the convex to 
the body side one by one toward the image side from the body side, Two lenses which come to 
arrange the meniscus-like positive lens which turned the convex to the body side are included, 
and moreover, the aforementioned 2nd group optical system The positive lens which turned the 
refracting interface strong against a body side one by one toward the image side from the body 
side, the meniscus-like positive lens which turned the convex to the body side, and the 
meniscus-like negative lens which turned the convex to the body side — and — and it is 
characterized by including four lenses which come to arrange the meniscus-like positive lens 
which turned the convex to the image side 

[0013] The meniscus-like negative lens of the two lenses of the aforementioned 1st group 
optical system most located in a body side is characterized by negative refractive power 
considering as the aspheric surface of the configuration which becomes weak by the zoom lens 
concerning this invention indicated to the claim 3 as the lens side by the side of an image 
separates from an optical axis. The positive lens of the four lenses of the aforementioned 2nd 
group optical system most located in a body side is characterized by positive refractive power 
considering as the aspheric surface of the configuration which becomes weak by the zoom lens 
concerning this invention indicated to the claim 4 as the lens side by the side of a body 
separates from an optical axis. 
[0014] 

[Function] Namely, the zoom lens by the claim 1 of this invention The 1st group optical system 
which has negative refractive power one by one toward an image side from a body side, While 
preparing the aperture diaphragm which arranges the 3rd group optical system which has the 2nd 
group optical system and the positive refractive power which have positive refractive power, and 
moves to the body side of the aforementioned 2nd group optical system at this 2nd group optical 
system and one at the time of zooming Zooming from a wide angle edge to a tele edge is faced, 
the aforementioned 1st group optical system By moving an optical-axis top to an image side 
first, and reversing the move direction to a body side on the way, it moves to an image side at 
the convex arc of a convex, and change of a focal position is amended, the aforementioned 2nd 
group optical system It considers as the composition which moves to the convex arc of a convex 
and performs variable power to a body side by the aforementioned 3rd group optical system's 
carrying out body side HE movement of the optical-axis top first, and reversing the move 
direction to an image side on the way by moving an optical-axis top to a body side in monotone, 
and performing variable power. 

[0015] and the synthetic focal distance of the whole system [ in / fM and a wide angle edge / 
for the focal distance of the Mth group optical system (M=1-3) ] — fW ** — the time of 
carrying out — these — condition^ )2.62<|f1 |/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

It constitutes so that it may carry out ** satisfactory. Movement magnitude of the 2nd group is 
lessened, it can be small and high variable power can be made to be able to make assistance of 
variable power able to bear, making the power burden of the 2nd group optical system mitigate, 
and to realize by such composition, by carrying out both-way movement of the 3rd group optical 
system. By making the range of the focal distance of the 1st group optical system into the range 
of conditions (1) especially, a zoom lens is miniaturized and aberration is lessened. 
[001 6] Moreover, by making positive refractive power of the 3rd group optical system into the 
range of conditions (2), an exit-pupil position is made to estrange from the image surface, and 
tele cent rucksack nature is given, in spite of being few lens number of sheets furthermore by 
making distribution of the positive refractive power of the 2nd group optical system and the 3rd 
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group G2 moves an optical-axis top to a body side in monotone on the occasion of zooming of 
tele edge HE from a wide angle edge. 3rd lens group G3 carries out body side HE movement of 
the optical-axis top first on the occasion of zooming of tele edge HE from a wide angle edge, 
reverses the move direction from the middle, and moves to an image side. 

[0023] In this way, 3rd lens group G3 draws the locus of a convex arc of a convex, and moves to 
a body side. It reaches 2nd lens group G2 and zooming of tele edge HE is performed from a wide 
angle edge by these variable power operation by movement of 3rd lens group G3. Thus, by 
making the convex arc of a convex carry out both-way movement of 3rd lens group G3 at a body 
side, assistance of variable power is made to bear, making the power burden of the 2nd lens 
group G2 mitigate, and movement magnitude of the 2nd lens group G2 is lessened, and it is small 
and makes it possible to make high variable power realize. 

[0024] Aperture-diaphragm S located in the body side of the 2nd lens group G2 moves to the 
2nd lens group G2 and one. Therefore, movement of the 2nd lens group G2 is not barred by 
aperture-diaphragm S. The above 1st the 3rd lens group G1 - G3 the focal distance of the 1st 
lens group G1 f1, the focal distance of the 2nd lens group G2 — the [ f2 and ] — the focal 
distance of 3 lens groups G3 — f3, the [ i.e., ], — the focal distance of M lens groups (M=1-3) - 
- fM ** — the synthetic focal distance of the whole system [ in / a wide angle edge / it carries 
out and ] — fW ** — when carrying out, it is constituted so that each following conditions may 
be satisfied 

[0025] Condition (1): 2.62<|f1 |/fW <2.72 (f1 <0) 

Conditions (2) 

f3 / fW <3.4 conditions (3) 

0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

Conditions (1) miniaturize a zoom lens and are the focal distance f1 of the 1st lens group G1 of 
an amendment sake good about aberration. They are the conditions which regulate the range. At 
under the minimum of conditions (1), although it is advantageous to the miniaturization of the 
lens whole system, since the negative refractive power of the 1st lens group G1 becomes strong 
too much and many aberration, such as spherical aberration, gets worse, it is not desirable, 
moreover — if the upper limit of conditions (1) is exceeded — aberration — good — an 
amendment — although things are made, it becomes difficult to miniaturize the lens whole 
system 

[0026] Conditions (2) are conditions which regulate the positive refractive power of 3rd lens 
group G3. If the upper limit of conditions (2) is exceeded, the positive refractive power of 3rd 
lens group G3 will become inadequate, an exit-pupil position will approach the image surface, and 
tele cent rucksack nature will be lost. Conditions (3) are conditions which regulate distribution of 
the refractive power of the 2nd lens group G2 and 3rd lens group G3 which both have positive 
refractive power, this condition (3) — the [ the 2nd lens group G2 and ] — 3 lens groups G3 — 
few composition number of sheets — carrying out — moreover — a miniaturization — easy — 
carrying out — in addition — and it is the thing of an amendment sake good about aberration 
[0027] since the refractive-power burden which is the 2nd lens group G2 in order for the 
refractive power of 3rd lens group G3 to become inadequate, and for the effect of this 3rd lens 
group G3 to decrease and to compensate the refractive power of 3rd lens group G3 under with 
the minimum of conditions (3) becomes excessive, spherical aberration gets worse and the flat 
nature of an image also becomes bad, it is not desirable although the refractive-power burden of 
the 2nd lens group G2 will be mitigated, spherical aberration will become good and the flat nature 
of an image will also become good, since the refractive-power burden of 3rd lens group G3 is 
large, if the upper limit of conditions (3) is exceeded — the [ the negative refractive power of 
the 1st lens group G1, and ] — it agrees also in the inclination for both positive refractive power 
of 2 lens groups G2 to become weak, and achievement of a miniaturization of the whole system 
becomes difficult (The above corresponds to the claim 1 of this invention.) 

[0028] As shown in drawing 1 , the 1st lens group G1 consisted of a meniscus-like negative lens 
L1 which turned the convex to the body side, and a meniscus-like positive lens L2 which turned 
the convex to the body side, and arranges these two lenses L1 and L2 in order of L1-L2 one by 
one toward an image surface side from the body side. Moreover, the 2nd lens group G2 consists 
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of the positive lens L3 which turned the refracting interface strong against a bodv side . 
meniscus-like pos.tive lens L4 which turned the convex to th* !T ' 

negative lens L5 which turned the convex to the bZ ^ide and 1 m ' " T,™™*'^ 
which turnec .the convex to the image sid^In^ ^ 

jSr^Ht IT V ° ne tOWard an image side from the bod v ^de. 2 ° f 

[0033] 

optical system which constitutes a zoom lens Tabte 2 is datTnf thf' k 'i™ ^ ° f 

oftoe opt,ca. system which constitutes a zoom lens are'shown in Table 1 *** 
[Table 1] 
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[0035] radius of curvature ri of Table 1 "0.000" which can be set — the notation — radius of 
curvature ri It means that it is infinity (infinity) and it is shown that the optical surface 
concerned is a flat surface. Therefore, both sides 16, 17, and 18 of the optical elements L8 and 
L9 which constitute Filter F are flat surfaces, and both [ these ] the optical elements L8 and L9 
are densely joined in respect of 17. 

[0036] Table 1 — setting — the 2nd optical surface 2 and the 6th optical surface 6, the [ i.e., ], 
— the [ the lens side 2 by the side of the image of the negative lens L1 of the shape of a 
meniscus of 1 lens group G1 arranged most at a body side, and ] — the lens side 6 by the side 
of the body of the positive lens L3 of 2 lens groups G2 arranged most at a body side is made 
into the aspheric surface When the aspheric surface makes an optical axis agree, makes an 
optical axis and a Z coordinate shaft cross at right angles and takes a Y coordinate like common 
knowledge, it is the curved surface which is made to rotate the curve which r and a cone 
constant are expressed with K and expressed with several 1 in the radius of curvature on an 
optical axis considering a high order aspheric surface coefficient as A, B, and C around an 
optical axis, and is obtained. 
[0037] 
[Equation 1] 

(1/r) XY 2 

Z= +AY 4 +BY 6 +CY 8 

1+V1- (1 +K) (Y/r) 2 

That is, the aspheric surface specifies a configuration by giving and defining each parameter of 
the radius of curvature r on an optical axis, the cone constant K and a high order aspheric 
surface coefficient A, and B and C as the formula of the several 1 aspheric surface. 
[0038] It follows. The 2nd optical surface 2 in Table 1, the lens side 2 by the side of the image of 
the meniscus-like negative lens L1 which was got blocked and turned the convex to the body 
side of the 1st lens group G1 arranged most at a body side and the 6th optical surface 6 in Table 
1, and a refracting interface strong against the body side of the 2nd lens group G2 of jamming 



http://www4.ipdl jpo.gojp/cgi-bin/tran^web_cgLejje 



2003/11/26 



8/14 



arranged most at a body side The lens side 6 by the side of the body of the turned positive lens 
L3 's formed in the radius of curvature r on the optical axis shown in Table 2, the cone constant 
K and a high order asphenc surface coefficient A, and the aspheric surface defined by each 
parameter of B and C. 
[0039] 
[Table 2] 





K 


A 


B 


C 


r 2 


-0. 48910 


-1. 17784E-4 


4. 42787E-6 


-2. 03162E-7 


r 6 


-2_ 30557 


-5. 51748E-5 


-2. 74870E-6 


-8. 10602E-8 



[0040] It sets to Table 1 and is Spacing di. The 4th optical surface 4 made "adjustable" the 13th 
op ,cal surface 13, and the 15th optical surface 15, It changes, as the spacing 64 with the 
foHowmg optical surfaces (field number) 5, 14, and 16, d13 and d15, the wide angle edge whose 
focal distance f of the whole system is 5.60mm, the middle focal distance whose focafdistance f 
[0041] 3 d,stance f are shown in T ^le 3 in the tele edge which is 16.80mm. 

[Table 3] 



f 


5.6 0 


9. 7 0 


16.80 


d 4 


16.18 


6. 5 1 


1.6 0 


d 13 


2.2 6 


6. 9 5 


16.64 


d 15 


1. 00 


1.3 3 


0. 7 1 



[0042] The distance from the 1st optical surface of the lens overall length in the wide angle edge 
m th.s case, i.e., optical system, to the image surface is 40.06mm. The aberration view in this 1st 
example ,s shown in o^wjng_2 - drawing 4 . Drawing 2 is an aberration view [ in / a tele edge / a 
wide angle edge and dj^wm__3 , and / in drawing^ ]. / a middle focal distance In addition in the 
aberration view .„ spherical aberration and SC, sine condition and Ast show astigmatism and 
Dist shows [ SA ] distortion aberration, "d" in each aberration view shows the aberration over d 
hYU i- g ^ hows r ^aberration over g line. The solid line shows the sagittal ray and the - 
dashed line shows [ in / the astigmatic view / in a spherical-aberration view, are a solid line 
about sphencal aberration, and a dashed line shows sine condition, respectively and ] the 
mend.onal beam of light, respectively. According to drawing 2 - drawing 4 , also in any of the 

an ^' e t edge a f °° mre gion, a middle focal distance, and a tele edge, aberration is amended 
good and it was checked that a performance is good 
[0043] 

i C In e i eS t talt °l implen ? entati0n ° f the 2nd ° f inventi °n3 Drawing s shows the composition of the 
important section of the zoom lens concerning the gestalt of operation of the 2nd of this 

r^wV ° f , dr T' n ^ Sh ° WS the ' e " S com P° sition ^e state where this zoom lens was set 
wh^rr angle , edge of zoom,n e- and « of drawing 5 shows the lens composition in the state 
where this zoom lens was set as the tele edge of zooming. 3rd lens group G3[ whose zoom 
lenses shown ,n drawing 5 are 1st lens group G1' which is the 1st group optical system one by 
one toward a photographic subject, i.e., body, side to an image side, and the 2nd group optical 

arranged grOUP G2 ' rea ° heS ' ^ the 3fd gr ° UP ° ptical Syste ™ J is 

[0044] 1st lens group G1' consists of two lens LV and L2\ and 2nd lens group G2' consists of 

L7 tnTLd ' H ' ^1 L6 ~ haV ' ng " ^ C ^ ] ~ 3 l6nS grOUps G3 ' consists of one lens 
L7 the body side of 2nd ens group G2\ the [ i.e., ], - aperture-diaphragm S is arranged 

lnw W n e r, fi. enS l f ° U 5 T , he ? t6r F W,th Wh,Ch ft C ° meS t0 put to « ether the completely same 
low pass filter L8 and completely same infrared light cut-off filter l_9 as a case of the gestalt of 
the 1st operat,on of 3rd lens group G3' which are shown in an image side between the image 
surfaces at drawing 1 ,s formed further. That is, optical-element LV - LT is a lens, and optical 
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elements L8 and L9 are light filters. 

[0045] In addition, in drawing 5 , although the sign of each spacing is omitted, it is the same as 
the sign given to drawing 1 . 1st lens group GV which consists of lens LV and L2' has negative 
refractive power. 2nd lens group G2' which consists of lens L3-L6' has positive refractive power. 
3rd lens group G3' which consists of lens L7' has positive refractive power. 1st lens group GV 
carries out image side HE movement of the optical-axis top first on the occasion of zooming of 
tele edge HE from a wide angle edge, reverses the move direction from the middle, and moves to 
a body side. 1st lens group GV amends the change of a focal position for [ edge / wide angle ] 
zooming of tele edge HE in this way by drawing tracing of a convex arc of a convex and moving 
to an image side. 

[0046] 2nd lens group G2' moves an optical-axis top to a body side in monotone on the occasion 
of zooming of tele edge HE from a wide angle edge. 3rd lens group G3' carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3' draws tracing of a convex arc of a convex, and moves to a body side. It 
lens [ 2nd ] group G2' Reaches, and zooming of tele edge HE is performed from a wide angle 
edge by these variable power operation by movement of 3rd lens group G3\ Thus, by making the 
convex arc of a convex carry out both-way movement of 3rd lens group G3' at a body side, 
assistance of variable power is made to bear, making the power burden of 2nd lens group G2' 
mitigate, and movement magnitude of 2nd lens group G2' is lessened, and it is small and makes it 
possible to make high variable power realize. 

[0047] Aperture-diaphragm S located in the body side of 2nd lens group G2' moves to 2nd lens 
group G2' and one. Therefore, movement of 2nd lens group G2' is not barred by aperture- 
diaphragm S. above 1st 3rd lens group GV - G3' — the case of the gestalt of the 1st operation 
— the same — the focal distance of the Mth lens group (M=1-3) — fM ** — synthetic focal 
distance fW of the whole system [ in / a wide angle edge / it carries out and ] ** — when 
carrying out, it is constituted so that condition (1) - (3) mentioned above may be satisfied 
[0048] As shown in drawing 5 , 1st lens group GV consisted of meniscus-like negative-lens LV 
which turned the convex to the body side, and meniscus-like positive-lens L2' which turned the 
convex to the body side, and arranges these two lens LV and L2' in order of LV-L2' one by one 
toward an image surface side from the body side. Moreover, positive-lens L3' to which 2nd lens 
group G2' turned the refracting interface strong against a body side, Meniscus-like positive-lens 
L4' which turned the convex to the body side, meniscus-like negative-lens L5' which turned the 
convex to the body side, And it consisted of meniscus-like positive-lens L6' which turned the 
convex to the image side, and these four lens L3' - L6' is arranged in order of L3'-L4'-L5'-L6' 
one by one toward an image side from the body side. 

[0049] Negative-lens LV of the shape of a meniscus of 1st lens group GV arranged most at a 
body side forms the lens side 2 by the side of an image in the aspheric surface of the 
configuration to which negative refractive power becomes weak as it separates from an optical 
axis. Positive-lens L3' of 2nd lens group G2' arranged most at a body side forms the lens side 6 
by the side of a body in the aspheric surface of the configuration to which positive refractive 
power becomes weak as it separates from an optical axis. 
[0050] 

[The 2nd example] Next, the concrete data of the zoom lens of the 2nd example concerning the 
gestalt of the 2nd operation mentioned above are shown in Table 4-6. Table 4 is lens data of 
the optical system which constitutes a zoom lens, Table 5 is data of the aspheric surface and 
Table 6 is data of the good variate of a variable part, this zoom lens — the focal distance of f= 

5.6-1 6.8mm of the whole system, and f number F/No =2.8-5.1 — half it is field angle 

omega=32.2-1 1.8deg and image quantity Y-3.47 

[0051] 

[Table 4] 
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1 




1 

d i 


j 


1 


1 ^ 




2 


9 C\ /IRK 
O , *k O D 


0.8 0 


1 


_ 

1. 8 0 6 1 0 


4 0.70 




2 


^ ft n 
z> . u u \J 


1 . 9 5 










«j 


O . lit 


1 . 9 3 


2 


1. 8 4 6 6 6 


2 3.80 


- 




1 ^ Q O -1 

id. 3^4 












5 


vXE3t r J) 


0. 5 0 










R 

o 


l o. 1 b 8 


1 . 3 9 


3 


1. 7 4 3 3 0 


4 9.30 




7 


O C C □ r\ 

& o. o o y 


0. 1 0 










Q 

_ o_ 


/I TCI 


1- 3 2 


4 


1. 6 7 7 9 0 


5 5.50 


Q 




0.4 3 








I LI 


l ^. 4 6 2 


0.8 0 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 
1 1 


4. 0 0 5 


1- 0 4 








1 !? 


— 1 6. 6 8 1 


1. 0 5 


6 


1. 4 8 7 4 9 


7 0. 4 0 




— 8. 3 9 5 










1 A. 


1 A A c a 

14. 4 5 8 


1. 9 1 


7 


1. 4 8 7 4 9 


7 0. 4 0 


1 5 


-2 3. 6 9 0 


V J iX-/ 








1 6 


0. 000 


2.0 0 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 000 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7. 2 0 


18 


0. 000 











[0052] the 2nd optical surface 2 in Table 4 thp T i a 1 — ^ i •-.,>■ 

imase of negative-lens LT of the shape of MENISUKA of I *"*^ ** ^ ° f 

body side and the 6th optioal sorfaoe e in Table 4 »e [ [e 1 T^k" T" * * 

r . aspheno surfaoe ooeffeienA, A^^^^J^* 

[0053] 
[Table 5] 





K 


A 


B 


C 




-0. 51816 


-4. 55330E-5 


5. 23933E-6 


-1. 75866E-7 


r 6 


-2. 59597 


-5. 94777E-5 


-3. 79326E-6 


-6. 68516E-8 



SSHHS- sssss a. 

[Table 6] 



f 


5.6 0 


9.7 0 


1 6. 8 1 


d 4 


15.65 


6. 23 


1.6 0 


d 13 


2. 0 2 


6. 3 9 


1 6. 0 7 


d 15 


1. 00 


1.5 0 


1. 0 1 



[0056] The distance from the 1 st optica, surface 1 of the lens overall length in the wide angle 
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edge in this case, i.e., optical system, to the image surface is 38.06mm. The aberration view in 
this 2nd example is shown in drawing 6 - drawing 8 . Drawing 6 is an aberration view [ in / a tele 
edge / a wide angle edge and drawing 7 , and / in drawing 8 ]. / a middle focal distance 
According to drawing 6 - drawing 8 , also in any of the wide angle edge in a zoom region, a 
middle focal distance, and a tele edge, aberration is amended good and it was checked that a 
performance is good. 
[0057] 

[The gestalt of implementation of the 3rd of invention] Drawing 9 shows the composition of the 
important section of the zoom lens concerning the gestalt of operation of the 3rd of this 
invention, (a) of drawing 9 shows the lens composition in the state where this zoom lens was set 
as the wide angle edge of zooming, and (b) of drawing 9 shows the lens composition in the state 
where this zoom lens was set as the tele edge of zooming, the 1st whose zoom lens shown in 
drawing 9 is the 1 st group optical system one by one toward an image side from a photographic 
subject, i.e., body, side — the 2nd which is lens group G1" and the 2nd group optical 1 system — 
the [ lens group G2" and ] — 3rd lens group G3" which is 3 group optical system is arranged 
[0058] the — one — a lens — a group — G — one — " — two — a sheet — a lens — L — 
one — " — and — L — two — " — constituting — having — the — two — a lens — a group - 
- G — two — " — four — a sheet — a lens — L — three — " — L — four — " — L — five - 
" " — and — L — six — " — constituting — having — the — 3 lens the 2nd — a lens group 
G2" body side, i.e., the 1st, — aperture-diaphragm S is arranged between lens group G1" The 
filter F with which it comes to put the still more nearly same low pass filter L8 as **** between 
the image surfaces to an image side and the infrared light cut-off filter L9 of 3rd lens group G3" 
together is formed. That is, an optical element L1 "-L7" is a lens, and optical elements L8 and 
l_9 are light filters. 1st lens group G1" which consists of lens L1" and L2" has negative 
refractive power. A lens L3 "the 2nd lens group G2 which consists of -L7"" has positive 
refractive power. 3rd lens group G3" which consists of lens L7" has positive refractive power. 
[0059] the 1st — lens group G1" — zooming of a wide angle edge to tele edge HE — facing — 
an optical-axis top — first — image side HE movement — carrying out — on the way — the 
shell move direction is reversed and it moves to a body side the 1 st — the change of a focal 
position for [ edge / wide angle ] zooming of tele edge HE by drawing tracing of a convex arc of 
a convex on an image side in this way lens group G1", and moving — an amendment the 2nd — 
lens group G2", an optical-axis top is moved to a body side in monotone on the occasion of 
zooming of tele edge HE from a wide angle edge 3rd lens group G3" carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an imageside. In this 
way, 3rd lens group G3" draws tracing of a convex arc of a convex, and moves to a body side, 
these [ 2nd ] — the [ lens group G2" and ] — zooming of tele edge HE is performed from a wide 
angle edge by variable power operation by movement of 3 lens groups G3" 

[0060] thus, the thing made for the convex arc of a convex to carry out both-way movement of 
3rd lens group G3" at a body side — the 2nd — assistance of variable power is borne, making a 
lens group G2" power burden mitigate — making — the 2nd — lens group G2" movement 
magnitude is lessened, and it is small and makes it possible to make high variable power realize 
the 2nd — aperture-diaphragm S located in a lens group G2" body side — the 2nd — it moves 
to lens group G2" and one therefore, aperture-diaphragm S — the 2nd — movement of lens 
group G2" is not barred the above 1st - the 3rd lens group G1 "-G3" — the case of the gestalt 
of the 1st and the 2nd operation — the same — the focal distance of the Mth lens group (M=1- 
3) — fM ** — synthetic focal distance fW of the whole system [ in / a wide angle edge / it 
carries out and ] ** — when carrying out, it is constituted so that condition (1) - (3) mentioned 
above may be satisfied 

[0061] it is shown in drawing 9 — as — the 1st lens group G — it consisted of negative-lens 
L1" of the shape of a meniscus which turned the convex to the body side, and positive-lens L2" 
of the shape of a meniscus which turned the convex to the body side, and lens L1" of these two 
sheets and 1" L2" are arranged in L1 "-L2" order one by one toward an image surface side from 
the body side moreover, the 2nd — positive-lens L which turned the refracting interface strong 
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against a body side lens group G2 - 3 Positive-lens L4" of the shape of a meniscus which 
turned the convex to the body side, negative-lens L5" of the shape of a meniscus which turned 
the convex to the body side, And it consisted of positive-lens L6" of the shape of a meniscus 

^ C a»^ > °° nVeX t0 , the image Side ' and these four lenses L3 "-L6" are arranged in L3 
L4 Lo Lo order one by one toward an image side from the body side 

L0062] the 1st - negative-lens L1" of the shape of a lens group G1" meniscus arranged most 
at a body side is formed in the aspheric surface of the configuration to which it is alike and it 
follows and negative refractive power becomes weak which separates the lens side 2 by the side 
of _an -mage from an optical axis the 2nd - lens group G2" positive-lens L3" arranged most at a 
body side, the lens s.de 6 by the side of a body is formed in the aspheric surface of the 
conf.gurat.on to which it is alike, and it follows and positive refractive power becomes weak 
which separates from an~optical axis 
[0063] 

Sti/^T"? 1 ! 3 NeX V he C ° nCrete data ° f the Z °° m lens of the 3rd exam P |e concerning the 
gestalt of the 3rd operation mentioned above are shown in Table 7-9. Table 7 is lens data of 

the o P t,cal system , which constitutes a zoom lens, Table 8 is data of the aspheric surface and 

Jr TrV 3 ? ?1 , l g , Vanate ° f 3 Variable Part - this zoom ,ens ~ the f °<=al distance of f= 

o Wh °' e s y stem - and f number F/No =2.8-5.0 — half it is field angle 

omega-32.2-1 1 .7deg and image quantity Y-3 47 

[0064] 

[Table 7] 



I 


r i 




j 




*j ■ 


1 


2 1. 7 9 2 


0. 8 0 


1 


1. 7 4 3 3 0 


4 9.30 


2 


5. 0 0 0 


2.7 1 








3 


8. 19 7 


1.6 4 


2 


1. 8 4 6 6 6 


2 3.80 


4 


12. 10 2 










5 




0. 5 0 








6 


14. 117 


1.3 9 


3 


1. 6 9 3 5 0 


5 3.20 


7 


-4 1. 9 7 0 


0. 1 0 








8 


5. 10 5 


1. 3 1 


4 


1. 6 9 6 8 0 


5 5. 5 0 


9 


10. 2 3 2 


0. 3 4 








1 0 


10. 9 7 6 


0. 9 3 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4. 12 2 


1.0 1 








1 2 


-31. 053 


1. 0 8 


6 


1. 4 8 7 4 9 


7 0.40 


1 3 


- 9. 9 9 0 


c*im 








1 4 


15. 6 11 


1. 74 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


-2 8. 8 9 8 


om> 








1 6: 


0. 000 


2. 00 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 0 0 0 


1.10 


9 


1. 5 4 0 7 2 


4 7. 2 0 


1 8 


0. 0 0 0 











[0065] the 2nd optical surface 2 in Table 7, i.e., the 1st. - the lens side 2 by the side of a 
negative-lens L [ of the shape of a lens group G1 " meniscus arranged most at a body side ] 
image and the 6th optical surface 6 in Table 7, i.e., the 2nd, - the lens side 6 by the side of a 

ra^t * P °f ! u L3 ° f l6nS gr ° UP G2 " arranged m ° st at a bod V side t is formed in the 

radius of curvature r on the optical axis shown in Table 8, the cone constant K and a high order 

[0 S 0 P 66T C CS °° A ' aSPh6riC SUrfaCe d6fined bV 6aCh parameter of B a "d C 
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[Table 8] 





K 


A 


B 


C 


r 2 


-0. 45712 


-7. 34889E-5 


4. 72867E-6 


-1. 92517E-7 


r 6 


-2. 08733 


-4. 40893E-5 


-3. 65895E-6 


-7. 36708E-8 



[0067] It sets to Table 7 and is Spacing di. The spacing with the next optical surfaces (field 
number) 5, 14, and 16 of the 4th optical surface 4 made "adjustable", the 13th optical surface 
13, and the 15th optical surface 15 changes, as the wide angle edge whose focal distance f of 
the whole system is 5.60mm, the middle focal distance whose focal distance f is 9.70mm, and a 
focal distance f are shown in Table 9 in the tele edge which is 1 6.80mm. 
[0068] 
[Table 9] 



f 


5.6 0 


9. 70 


1 6. 8 0 


d 4 


1 5. 6 5 


6. 30 


1. 6 0 


d 13 


2.4 0 


6.7 9 


16.45 


d 15 


1. 00 


1. 50 


1.0 2 



[0069] In this case, the distance from the 1st optical surface of the lens overall length in a wide 
angle edge, i.e., optical system, to the image surface is 39.08mm. The aberration view in this 3rd 
example is shown in drawing 10 - drawing 12 . Drawing 10 is an aberration view [ in / a tele 
edge / a wide angle edge and drawing 1 1 , and / in drawing 1 2 ]. / a middle focal distance 
According to drawing 10 - drawing 12 , also in any of the wide angle edge in a zoom region, a 
middle focal distance, and a tele edge, aberration is amended good and it was checked that a 
performance is good. Each parameter |f1 |/fW in the 1st mentioned above - the 3rd example, 
f3 /2 / f3, and an image quantity ratio: The distortion aberration DW (1.0) in the wide angle edge 
in 1.0 is shown in Table 10. [ fW and f 2 ] 
[0070] 
[Table 10] 





1 f 1 i/f w 


f 3 / f w 


f 2 / f 3 


D w (1. 0) 


m i ommm 


2.723 


3. 7 0 


0.604 


- 1. 8 0% 




2. 7 4 4 


3.4 5 


0. 649 


- 1. 5 8% 




2.626 


3. 7 6 


0. 5 7 8 


- 1. 6 5% 



[0071] As mentioned above, according to the 1st of this invention - the 3rd example, a variable 
power ratio makes an exit-pupil position fully estrange from the image surface by 3 times, 
moreover, it is small, and aberration is amended good, and it can consider as a zoom lens with 
still less lens number of sheets which suppressed distortion aberration to 2% or less. Such a 
zoom lens can be constituted as a suitable bright wide angle zoom lens for a digital still camera 
etc. 
[0072] 

[Effect of the Invention] As stated above, according to the claim 1 of this invention, it goes to an 
image side from a body side. The 3rd group optical system which has the 1st group optical 
system which has negative refractive power, the 2nd group optical system which has positive 
refractive power, and positive refractive power one by one is arranged. While preparing the 
aperture diaphragm which moves to this 2nd group optical system and one at the time of 
zooming in the body side of the aforementioned 2nd group optical system, zooming from a wide 
angle edge to a tele edge is faced, the aforementioned 1st group optical system By moving an 
optical-axis top to an image side first, and reversing the move direction to a body side on the 
way, it moves to an image side at the convex arc of a convex, and change of a focal position is 
amended, the aforementioned 2nd group optical system It considers as the composition which 
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moves to the convex arc of a convex and performs variable power to a body side by the 
aforementioned 3rd group optical system's carrying out body side HE movement of the optical- 
axis top first, and reversing the move direction to an image side on the way by moving an 
optical-axis top to a body side in monotone, and performing variable power, and the synthetic 
focal distance of the whole system [ in / fM and a wide angle edge / for the focal distance of 
the Mth group optical system (M=1 -3) ] — fW ** — the time of carrying out — these — 
conditional )2.62<|f 1 |/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

By constituting so that it may carry out ** satisfactory, 3 times or the variable power ratio 
beyond it is obtained. Can make an exit-pupil position fully able to estrange from the image 
surface, and moreover can suppress distortion aberration, and moreover it is small and 
aberration is able to constitute as a few suitable bright wide angle zoom lens for a digital still 
camera etc. There is little lens number of sheets needed especially, and moreover it is small and 
the zoom lens with which aberration was amended good can be offered. 

[0073] According to the zoom lens of the claim 2 of this invention, the aforementioned 1st group 
optical system goes to an image side from a body side. It has two lenses which come to arrange 
the meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side one by one. And the positive lens to 
which the aforementioned 2nd group optical system turned the refracting interface strong 
against a body side one by one toward the image side from the body side, By composition which 
has four lenses which come to arrange the meniscus-like positive lens which turned the convex 
to the body side, the meniscus-like negative lens which turned the convex to the body side and 
the meniscus-l.ke positive lens which turned the convex to the image side especially few lens 
number of sheets — a zoom lens — constituting — the [ and ] — the aberration generated by 
the 2nd lens group while arranging the negative lens of the 1 group optical system to a body side 
rnn^Ti u 3 ° Uter diameter sma " ~ effective — an amendment — things are made 
L0074J the negative distortion aberration which increases by the short focal distance side 
especially by composition which makes the lens side by the side of the image of the meniscus- 
l.ke negat.ve lens of the two lenses of the aforementioned 1st group optical system most located 
in a body side the asphenc surface of the configuration to which it is alike, and it follows and 
negative refractive power becomes weak which separates from an optical axis according to the 
zoom lens of the claim 3 of this invention — effective — an amendment — things are made 
According to the zoom lens of the claim 4 of this invention, it can prevent that it becomes 
insufficient espec.ally amending spherical aberration by composition which makes the lens side 
by the side of the body of the positive lens of the four lenses of the aforementioned 2nd group 
optical system most located in a body side the aspheric surface of the configuration to which 
positive refractive power becomes weak as it separates from an optical axis. 

[Translation done.] 
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- * NOTICES * 

Japan Patent Offic is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the zoom lens concerning the gestalt of operation of the 1 st of this 
invention. 

[Drawing 2] It is the aberration view showing the spherical aberration in the wide angle edge of 
the zoom lens of the 1 st example concerning the gestalt of the 1 st operation shown in drawing 
1 , astigmatism, and distortion aberration. 

[Drawing 3] It is the aberration view showing the 1st spherical aberration in a middle focal 

distance, astigmatism, and distortion aberration of a zoom lens of an example similarly. 

[Drawing 4] It is the aberration view showing the 1 st spherical aberration in a tele edge, 

astigmatism, and distortion aberration of a zoom lens of an example similarly. 

[Drawing 5] It is the optical-system plot plan showing typically the arrangement composition of 

the optical system of the zoom lens concerning the gestalt of operation of the 2nd of this 

invention. 

[Drawing 6] It is the aberration view showing the spherical aberration in the wide angle edge of 
the zoom lens of the 2nd example concerning the gestalt of the 2nd operation shown in drawing 
5 , astigmatism, and distortion aberration. 

[Drawing 7] It is the aberration view showing the 2nd spherical aberration in a middle focal 
distance, astigmatism, and distortion aberration of a zoom lens of an example. 
[Drawing 8] It is the aberration view showing the 2nd spherical aberration in a tele edge, 
astigmatism, and distortion aberration of a zoom lens of an example. 

[Drawing 9] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the zoom lens concerning the gestalt of operation of the 3rd of this 
invention. 

[Drawing 10] It is the aberration view showing the spherical aberration in a wide angle edge, the 
astigmatism, and distortion aberration of a zoom lens of the 3rd example concerning the gestalt 
of the 3rd operation shown in drawing 9 . 

[Drawing 11] It is the aberration view showing the spherical aberration in a middle focal distance, 

the astigmatism, and distortion aberration of a zoom lens of the 3rd example. 

[Drawing 12] It is the aberration view showing the spherical aberration in a tele edge, the 

astigmatism, and distortion aberration of a zoom lens of the 3rd example. 

[Description of Notations] 

G1, G1\ G1" The 1st lens group 

G2, G2', G2" The 2nd lens group 

G3, G3', G3" The 3rd lens group 

1-15 Optical surface of a lens 

16-18 Optical surface of a filter 

S Aperture diaphragm 

F Filter 

L1-L7, L1-L7', L1 "-L7" lens 
L8 Low pass filter 
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L9 Infrared light cut-off filter 
d1 -d17 Spacing 



[Translation done.] 
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s ttt#^iRM, -t LTD i s t fcfc^ftJKiiSr^LTV^ 
5 0 *iRSI3^*3JtS r d j ttdi»te»-t-5JR36Sr» 

[0 0 4 3] 

5o EJ5<£> (a) tt. SX-Al/yXiX- S lsf<Dfc 

(b) rx- a i/ yxix- s y ^©iasfcKg 

X- Ai/VXlt tt^flc-f* *>^ff« &fi'J \Z ft 

^T*&5||3 uyXSG 3' tf*Bag£*t,TV>£ 0 
[0 0 44] Iiuyx^Gi' 2ftouyXL 
1' *5J:tfL2' !2l/yXiG2' tt, 

4tt^l/yXL3' , L4' , L5' &J;£>*L6' Tfflf 
^Ui3!/yX»G3 / W:lftOl/yXL 



7 7 -vm&ztiT^&o m2i/isxmG2' <omwm, 

BE«£;ft/r^5„ f 3l/yX»G3' 

Ht, fkBtoBifc, m i a:*-*-* i <omm<oi&m<om& 

b±<mm<&. L 8 *3± ^ 

h ^ ^ /u* L 9 ds|a*^fo £ 4xr* 5 7 /u* F 

XTfe9, jt^S^L 8*5J:tfL 9tt*^7>f/^^S) 

So 

[0 0 4 5] HI 5 (cjo^Tte, #ffiMHB^*S:* 

aifc#ufc«F#fciaic-e&So i^^x 

L 1' *3J:tfL2' j&>fe*SJSl uyXiGl 7 Ht, A 
<^fiW^2r*i-5o U^XL3' **b*5*2 
U^X#G2' tt, !E<Dj&$xJj*^-tZ> 0 \s>XL7' 
3&>&fc5*3 U>X*G 3' tt, EOJayf^ySr^i-So 

Iii/vxsGi' ra, fifl«^&ai«^©x-? >- 

*lRjSrSCUT*#:fflfc»»f 5. ^ 1 l/VXHG 1 ' 

[0 0 4 6] f 2uyX»G2 / fi, MMfrbaMM 
i"5 e $3l/yXlG3' tt, j£^«S^&aiS«8^cOX 
*»&»»*lfiI*:RtebT*«li:»»-t-«. *3uyX» 

G3' »#{Bi{ciaoiaatttt^w»*^ 

VXSG3 7 ^#»KJ;*£ffiF»ft£K:J: 9, fcft$&frt> 
M^m^<DX—^>^f^ffiDtl^ 0 Z<D£5IZ, 131/ 



(8) 



1-194274 



^G3 / Sr, Wffli:fi©fi«|:fWft^t^ 
rtKJ;!^ !2i/yxiG2' ^'!7-AfflSr(i»$ 

[0 0 4 7] f 2l/yXgG2 / iO«J#<B9fcffi«i-5BB 
P«9Stt, 12uyXSG2 / fcH*te#*rF5. L 
fctfoT, iPt^SCJ;^2i/yx«G2 / cD^Kj 

1' -G3' Il^l^i^tRf^ fg 
MU>X|¥ (M=l-3) <D^K«S:f M 

(i) - (3) &m&T&i5izmtit£tiT^ 

[0 0 4 8] H5fc«tJ; 5K1, »1 uyXSGl' 

1' -L2' 0]IITESLTV>5 0 *fc, *2^/» 
G2' Wt, WtffllfcgiSv^WffiSrlRlWfcjEU^XL 
3' , *#«fc£iffi*|^rtfc^^*^^OiEU^XL 
4' , *#iBlwiaffitl^*tfcp<^*^«<OAu^>CL 



5' , *J:t^<k«fciaBtiaitfc^^*^«fl!>Eu> 
XL 6' "Cfllj^S^ r*L& 4*ScOU>XL 3' -L 
6' 6*«ii^oT, HIM*. L3' -L 

4' -L5' -L 6 r ©«-eiB«LTV^« 0 
[0 0 4 9] Ili/yXUGr ^*t*#W^E«$ 

tf#:fi'J^BBg$tl5jEU>XL 3 r ft, WloOl/yX 
[0 0 5 0] 

-3t6^1~ 0 S4Jt X-Ai/yX«f5^| 

"^^^ £3R©fcjiWB«f = 5. 6-16. 8m 
nu F^^F/No. = 2. 8 — 5. 1, Wfio) = 32. 
2-11. 8deg , ftitffciBY' =3. 4 7T?*5„ 

[0 0 5 1] 

[*4] 



i 


r i 


d i 


j 






1 


2 5. 4 6 6 


0. 80 


1 


1. 8 0 6 1 0 


4 0.70 


2 


5.000 


1. 95 








3 


8. 1 7 7 


1. 9 3 


2 


1. 8 4 6 6 6 


2 3.80 


4 


15. 9 2 4 










5 


mo) 


0. 50 








6 


16. 16 8 


1. 3 9 


3 


1. 7 4 3 3 0 


4 9.30 


7 


-2 5. 5 8 9 


0. 1 0 








8 


4. 7 6 1 


1. 3 2 


4 


1. 6 7 7 9 0 


5 5.50 


9 


9. 4 6 2 


0. 4 3 








1 0 


12. 4 6 2 


0.8 0 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4. 0 0 5 


1.0 4 








1 2 


- 1 6. 6 8 1 


1.0 5 


6 


1. 4 8 7 4 9 


7 0.40 


1 3 


-8. 395 










1 4 


14. 4 5 8 


1. 9 1 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


- 2 3. 6 9 0 










1 6 


0. 0 0 0 


2.00 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 0 0 0 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7. 2 0 


1 8 


0. 0 0 0 











[0 0 5 2] S4C*5lt5l2^I2, oJ^IlU 



^SSg$tv5IEU>-XL 3' 



(9) 



&ffl¥- 1 1 - 1 9 4 2 7 



[0 0 5 3] [*5] 





K 


A 


B 


C 




-0. 51816 


-4. 55330E-5 


5. 23933E-6 


-L 75866E-7 


r 6 


-2. 59597 


-5. 94777E-5 


-3. 79326E-6 


-6. 68516E-8 



[0 0 5 4] * 1 ^£>^T, SUflPK d i £ r pj^j t L 
fcJB4**ffi4 % gSl 37t^®l 3*5J;tfSSl 5#3*ffi 
150, ft© (Bf#0) t£^®5, 14*3±O f 16t 
©EPflPStt. £*<B#jKBBII f & 5 . 6 0mmOi£«i«. 

f 5. 6 0 

d 4 15.65 
d 13 2. 0 2 

~15 l ' 00 



[0 0 5 6] r©»^co, &ftmz&ftz>v>x±^ 
t^b^^Ol 1 1 a>&fcB*-CGH6»4, 

3 8. 0 6mmT^5o H8fc, £ ©JS 2 ©SfeSfifcl 

181*3 i &m&m<o}, ^-rthizis v t> irss « astute s 

[0 0 5 7] 

5 0 EI9<£> (a) fl RX-Al/yXSrX- ^ ZsJf<DfZ 
(b) tt % gX-AL/yX^X-; ^^cDMiaffi^^ 

X- Ai/yX(t tt^ffi"* *> *WttH!l*> 6 ttW i- ft 
oT, JlRft, IlgmT*fc5Il ^XIGI' , 
l2f^Tfe5f2l/yX»G2" *3J:tK»3#36 

[0 0 5 8] Ill/VXIGI" 11 2^uyXL 
1" *3±tfL 2" t?*J«*^ 12 l^X»G2" tt, 
4fecOU^XL3 // . L4'\ L 5" *3j;tfL 6" T'ffi 

tLT*3l/yX»G3' ttl«<ouyXL 
7" TiS/SSti/O^o 12 uyX»G2" <W%)fc$t 
i-ftfe*>J£l u>X»G 1 " fctOW^tt, HlPiR9S*s 
E«£*ltv^5. fjg3 u>XS¥G3" 
fit* SBt©^ /^^^^yu^L 8 

1" ttuyXT*9, *^i^L 8*3J:?>*L 9 

tt3t^7^/u^T*>5 0 t'VXL 1" *5J:tfL 2* 
45»li/yX»Gl' tt, ik<Dmfftj3$:m~fZ> 0 u> 
XL 3" ~L 7" 2 UVX3¥G2" M\ IE© 



8£ftfSl6. 8 lmm(BB3a*R:*3V^ *6 fcl^SitS 

[0 0 5 5] 
[*6] 



9.7 0 16.81 

6.2 3 1.6 0 

6.3 9 16.07 
1.5 0 1.0 1 



I^SrttSo U>XL 7" d>fefc5JB3 uvXgG 

3" jE<Dmvtjj%m-tz> 0 

[0059] j&i u>x#gi* £A«^&aam 

^^^^^Ki^^SgLTtiM'J^iit^o ill/ 

Sr»v^lWjr*'5r itei 5, j£^*a>&a»«S^<E>X 
-^^CiW «Affi«^aaB«:»jE^5. S2 
u>x«G2 /r te. J£A«JB**&aiSW^<0X-- ^ 

8G3 ff tt, i£«lH3&>e>a»i»-©X-^^>/tc|KU 

KIELTlfcMteiMKr*-*. as3u>x*G3" wt, r© 

ZtlbB2 ls^XmG2" *5±tJtM3 1/>X#G3" CO 

[0 0 6 0] £<0J:5fc, !3l/yXiG3" £\ 

X#G2" o^!7-*ft«r|||«S*439S&*«©4lt*S: 
fifc-tirT* ^2 yyXiG2 ff ©»»*«:4>*< LT, 

12 1/^2" ©»{MKttlt5||pa9SB, 
S2l/yXlG2" 4:H*fc#»*-S. LfciJSoT, ! 

pS9S[U^2yyxSG2 // <n»W)&mf btis 

Z fctt4V\ ±8B«l-ff 3 uyXgGl" -G3" 
tt, «li8j:^2 0*lfc<D»tllo»^fcra«fc. »M 
u^X» (M=l-3) ©^SgffiSrf H tU JEE^IS 

*«= (1) - (3) «r»je-f5J:3te«J«**tTV^S 0 
[0 0 6 1] H9fc*i^J;5^ »1 uyXSGl 1 
tt, WfrWfcdiffiSrlftltfc^^^A^^OAuvXL 



(10) 



ItBB 5 ? 11-19 4 2 



1" -L2" *>«TE«LTV*5. *2I/^B 

6* Sr^fiJ^feftfiiJ^lPi^oT. Wft, L3" -L 
4" -L5" - L6* ^JlET*gEMLTV>5o 
[0 0 6 2] |gl UVX|¥G 1 " 0*fc»#«fce«$ 



[0 0 6 3] 

[H3(D|HJ£#ij] ftte, J^«Ufc*3©3ttlSO®tlfc« 

5^ 3 <£>^j&#yox— u yXoMWif-^ £^ 7 

£^<Z>^£fiE8tf = 5. 6-16. 8mm. F 
W*F/No. = 2 . 8 - 5 . 0 , ¥mfk co = 3 2 . 2 — 1 
1. 7deg , *3j;tf&ffiY' = 3. 4 7T?S>5 C 

[0 0 6 4] 

[*7] 



I 


r ♦ 
l 




J 






1 


2 1. 7 9 2 


0. 8 0 


1 


1. 7 4 3 3 0 


4 9. 3 0 


2 


5. 000 


2. 7 1 








3 


8. 19 7 


1.6 4 


2 


1. 8 4 6 6 6 


2 3.80 


4 


12. 10 2 










5 




0. 50 








6 


14. 117 


1. 39 


3 


1. 6 9 3 5 0 


5 3.20 


7 


-4 1. 9 7 0 


0. 1 0 








8 


5. 10 5 


1.3 1 


4 


1. 6 9 6 8 0 


5 5. 5 0 


9 


10. 2 3 2 


0. 3 4 








1 0 


10. 9 7 6 


0. 93 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4. 12 2 


1.0 1 








1 2 


-31. 053 


1. 08 


6 


1. 4 8 7 4 9 


7 0.40 


1 3 


- 9. 9 9 0 


mm 1 








1 4 


15. 6 11 


1. 74 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


- 2 8. 8 9 8 










1 6 


0. 0 0 0 


2. 0 0 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 0 0 0 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7. 2 0 


1 8 


0.000 











[0 0 6 5] *7fc*3tt«*23fe3£ffi2, ot^ii/ \^ ^ 8 fc^ft*LL<©ft*¥g r , RS&gftK, 

5^ 6*^® 6, o£ 9!g2 U>X^G2 // [0 0 6 6] 





K 


A 


B 


C 




-0. 45712 


-7.34889E-5 


4. 72867E-6 


-1. 92517E-7 


r 6 


-2. 08733 


-4. 40893E-5 


-3. 65895E-6 


-7. 36708E-8 



[0 0 6 7] $7tt•^^t 1 ffifflUdi £ TpJ^j a 
fc*4*^i54, Jgl 3^S1 3 18 J: 05*1 5ft^m 
15©, (M#-S§-<£>) *^tBS5. 1 4*5j;i>'l 6 £ 



f # 9 . 70 ?m£j£BI|& & £ XfiMtite 



(11) 



WBflsP 11-19427 



[0 0 6 8] 

f 5. 6 0 

d 4 1 5. 6 5 

d 13 2. 4 0 

d 15 1.0 0 



[0 0 6 9] JK^ffi^tt-SUVX^*, 

9. 0 8mmT*fc5 o 010 ~IH 1 2 r (0% 3 <D^M^\ 
^ttSKMH^lh, (HI 0tej£^#g, 01 lfctpm 

5 C mi o—iai 2^£tLtt\ x— Ajfcfcteitsja:* 

I I f i l^ f w 

*10ggifcfl| 2. 72 3 

m2<ommm 2. 744 

»3 0^56W 2. 62 6 



[0 0 7 1] ±i£<D X 5 ic, 1 -fg 3 O^JS 

[0 0 7 2] 

**±^EoJB#f^rS:#i-5J|S3»***«rERU, iff! 
^ft*4:H*^#«rJ- 5BJPtt0 *Rrt5 i: i: fcfc, jtttfi 

M£MW<DmW}&ffilEV, WfiH* 2 ftttJL 

» (M=l-3) <DMtiMm*i* tttf|JBfc*5f*5<fe 

(1) 2..62<| f 1 |/£, <2. 72 (f x < 
0) 

(2) f 3 / i . < 3. 4 

(3) 0. 57<f 2 /f 3 <0, 65 (f 2 >0, 
f 3 >0) 



[*9] 



9.7 0 1 1 6. 8 0 

6.3 0 1.6 0 

6.7 9 1 6. 4 5 

1.5 0 1.0 2 



* I f , I / f ff , f a /f w > f 2 /f 3 > *5j:tKlfc 
KJt:l- 0fc*5*t5JCA*-C©ai*4Ri6D 1 (1.0) 
S:^ 1 0 (c^i~ 0 

[0 0 7 0] 

[*1 0] 

f 2^ f 3 | D W <j] °) 
0.6 0 4 - 1.8 0% 

0. 6 4 9 - 1.5 8% 

0. 5 7 8 - 1.6 5% 



Ki, &B£^SU^Xtfc»j8S/^*<, L^fc/hfflTJ/o 
[0 0 7 3] **M*Wf**2 0X— Ai/yXCJ;ti 

[0 0 7 4] *«MOW*5|3^X— AUVXfciH 
f*\ miB*l#3e**0 2oou>X0 5*>^*t*#: 

<0f»#«4©X— Ai^Xfciftff, ffirlEjg 2 S¥ft3^ 



3.7 0 
3. 45 
3.7 6 



1-194274 



<da^<du>X(Oo hcoM: 1 4^ffi'Jf effigy £ je U >X 

[12 3] IrIC<^1 omSWcOX— ai^X0>*|HM&& 

[EI 4] IHtXSl £>Hlffi#il£>X— Ai/yXtoiaffl: 

[El 5] *«W©*2<0||Jfi^*fcfllSX— AU^X 
5o 

[El 6] H5lc*^»2 0|S«<ojg|8tc«Sfl5 2©iafi 
#iJ<DX— A uvXoS^«c*5(t5^JRIi, *^JRH 

[EI 7] t£2<omM&i<DX— M>\s>X<DfpmMj&tEtelz. 
[El 8] «2<O^^JcoX-AUvXcoaS«8f-*5Jt5 



So 

[EI 9] 3 ©*l©»ifcfl(5X-A u>X 

5 0 

W©X— AuvX©jfi:Ai|BlJ:*5W5«ffifiRII, #£JRj6 
[Ell 1] *3*J609<Z>X— AU^Xco^ra^KSI^ 

[Ell 2] f 3 A 1/ yX^llS^ jo{t 5 

So 

Gl, Gl' , Gr fgl i/yXS 

G2, G2' , G2" 

G3, G3 r , G3 7 ' ^3 U^Xm 

i.-i5 uz/XtDit^m 

16 — 18 7 ^/U?<Dyt¥m 

s mn$£V 

F 

L1-L7, LI' -L7' , L1^L7" UVX 
L 8 Pr-^;*:7^vU^ 
L 9 5/ h^/i^ 

d! — d 17 Ho TOPS 




(13) 



WmW- 11-194274 




K5] [B73 




-0.050 0 a 050 -0.050 0 0.050 -2.00 0 2.00 
SA.SC Ast Dist 



(14) 



QftfflW- 11-194274 * 



[09] [HI 01 




(15) 



tftfflW- 11-194274 



KfirB] ¥fiK14f 9^250 (2 0 0 2. 9. 2 5) 



[£rHfl#-^] 4#H^1 1-194274 

1^7J§ 2 1 0 (1 9 9 9. 

i^m-^m Affl&ntem. 11-1943 

[Hi«##] Wl¥ 10-10013 
[HSW?F^S^7M] 
G02B 15/20 

13/18 

13/22 

[F I] 

G02B 15/20 
13/18 
13/22 



7. 2 1) 



4) 



[*l±J0] ¥^cl 4^7^ 4 0 (2 0 0 2. 
I3MSM*jE 1 ] 

HtrlE^2i¥*^^#:Wfc, x— 5; >-i/B#icM2p?t 

ffHH$ft2«H ft5fc%tt. »lftil^^fettl^fei»oT. mi 
&. 46ttflllfcft^ffi#fiiifrlftt*fciFUVX. ftfefflEM 

[»** 2 ] fiMMB 3 jjjfc^ & 1 fe^TF k >XT»« 
X„ 

(1) 2. 6 2 < I f x I /F w <2. 

-L2J f a /f »<3. 4 

(3) 0. 57<f 1 /f 1 <Q, 65 

vX. 



3 ] 

x„ 

4 ] MED! 2 HJfc^jR <p#a 

[a^3L5J SUSIE 1 liirt^ra. #>g:ffla>*bflMM^ 

ifilfroT. W ar, frttffllfcrfbiiifrifiiftfc*^;* 

yXfrBfLTfeS/- J- Mil. jjr^ftttMfcftfftS * 
X— A k >x„ 

ffiSrffrfffcy =^^7^^(PjEUVX»BBgLT<£^ 4o 
(O k >X*-ftf f r »»» £ i-5 f»^Jg 1 ^fP.ftcD X- 
AU-VX. 

Cff»Jg7] fMSf^j (M=l~3) 



72 (f J _ <0) 

tfo >0. f^>0) 



[3MS*toE 2 ] 



IffiJEtt&JgB&l 0 0 0 9 
[ttlEf*!^] 

[0 0 0 9] *mwte, -h»Lfc*fflffc**T**ixfc 
[3^B?jE 3 ] 

[WlE^^giS] 0 0 10 
JO 0 1 0] *^0J©ff*^3.©@^ tt , 

x - a u yx^-fftt^ r > tc a - £ga ©tt£3 7 
©Ba»*. »^t^^/^ & r ., a&£±&£tya 

\WE$mmmx\ mm* 
imiEM^ms^,] ooii 

[0 0 11] 

-iJJ 2 . 6 2 < [ f jlJ.ZF w ^2^_ 



f 



1 w. 



i.w^3^4 



(16) Wll-1 942 74 

aaafl s a ^ i as & 1*1 a fe m k. v £ ^hi^^lm 

[#«*IjE 5 ] 

[*fiE*f^;g@£] 0 0 12 

[«IE#)£] 

[«1E|*1^] 

[0 0 1 2] i*J|ifcE«Lfc*«9JK#5X-Ai/ 
X-A k g 2 « ^ a£©^jg»|gttfr if u v 

[^^«jE 6 ] 

U$lEM$img4,l 0 0 13 

[«]£*)£] 

[«jEF^] 

[0 0 13] »*9lfi.»cS5«Lfc**K^ffi5X-Al^ 
Hjfc fe^ffljC^flaS l^HljifelEJdVX^ »i-fe-fBiUr 

iantfe^=x^^i»^i^ v x. »^»rAa?»iant» ^ 

SSX-Auy/u, ^Mi^^^m r M = 1^3J ©^ 
7 2 (f x <-ri}_ 



(17) 



WrfflW- 11-19 4 2 



(3) 



0. 57<f 1 /f 1 <0. 65 (f ? >0, f , >0) 



l^MffilE 7 ] 

HHjE*St*«B£] 0 0 14 
[0 0 14] 

fc»»brSfflFSrfTV\ *LTlffilEII5 3«M£^3RW:, * 

[»jE»**B*3 0 0 1 7 
[*IE|*I^] 

[0 0 17] SL.^ltlSX-Ai/yXit flfris 

#{||J OS* |p] ft fc = x * x Vi<o IE u vXSrgEfi b X 
452o©uyXSrtU J.oBMBjS 2 « 

|6]tt/cIEUVX\ 4^#:#Jf;i£jffi£pW7fcy ~X#;*:tK<D 

X, ^LT^-l${K|{-a®Sr|pJftfc^=x*x^<OIEUV 

f&U B.ouvX#f«*/jNS<i-«i:4:tte, »2uy 
[¥§M£iE 9 ] 

HtjE#8e] £J£ 
[ttlEF^] 

[0018] it^^wcisx-Ai/yxii, Mis 

-T5^ ^^^x^O^uvXOT^ftiJrou-^XSSr, 



^:-t-5iiOS*iRilSr^r3»te«2Ef 5. Sfc. aMSfflK: 
I5X-Ai/yX(t mfi2^2l¥^»co4ocouvX 

[#«g**IE 1 0 ] 
HHE*t*«£«] MB* 
[*tjE*Hfe*B£] 0 0 2 2 
HtIE#8e] 

[0 0 2 2] Ml wyXlfG 1 «. JCA«8*»e>ai*«B^ 

Saffi^coX-5 y^tlLt©, ^fi:gc0^ti)Srffi 
jE-f3, ^2U-vX^G2fi, iSASgd^MiSSS^OX 

JE£SSrt>P>Mjl$SS^©X-$ 

imsmiE in 

[*&£***»»&] HUB* 
[4fjE*t#t«B;6] 0 0 2 3 

[*IE (*•!$] 

[0 0 2 3] r oo ± 5 \z y mW-M 

K&v^fctoWmzffi^x&Wrrz,, r*te>Jil2 u>X 
HG2j3itf^3i/ yXS G 3 <D&Wslz. <fc 5 S^Kjf^i- 
J: 9. iA^^^^Mia^ooX-5 V^*sffto^5. £ 
coipi^ 13 l/>XfG 3 Sr. feftfflltfiClttt 
if-i 9 » |g 2 u yXiG 2 o^'y — A 
a4r(B****^6S6ffiF«>*l«j*rfito*r, f2i/yX 

SG2©iiM'>/i< lt, 'i-mx&^mmm&mm. 

[^«4f IE 1 2 ] 

HtjE*ttfe«B«] 0 0 4 5 
[*CE*ft] SHE 

[0045] fsi, h 5 lowers. G-mmmnn^m 

BSLTS>5-j5, Hil fc#L.fc^#i:|^D-efe5 0 V^X 
LI' *3J;!>'L2 , A^iSIll/VXSGl' fi, A 
cOfflSfT^Sr^i-So I/VXL3' ~L6' *»fc*5JB2 
l/yXiG2' tt, U-VXL7' 
*»e>£3a$3 u>XS^G 3' tt, IEcOJS*T^^Wi-5o 
Il!/yX»Gl' tt, iS^«8A>e>aSS8^<OX— 5 V 



WWHSiEl 3] 

IffijEtt^mBZl 0 0 4 6 
HltjEfrife] 

[0 0 4 6] %2 U>X#G2' it. 

G3' ra. ;oi5i:, *#«teiQ^:f*<&i/u**8tv-> 
T»tH-5. rti?)l2t/yxsG2' fci^3uy 

-ftK^cDX— 5 ^^^sfffciLS. rcoipfc, Jj?3u>- 
X#G3' Sr. %ft:«i'ifbWM«fca«#S!i^i4-5c t 

[#«-MjE 1 4 ] 
IffilEttmiMB&l 0 0 5 9 

[■«jE*ac] *m 

[oo59]^i uvxwgi* &nm*e>mmm 
^ox-^y/tgL^ s- ^ -r^m^m l , 

1"X«G1* f±, ftfflfca<P-M:ft<Ptft,B[:* 

UT, **fc±-Sr«#«C^»ifcapft-t-5 0 #3U^X# 
G3' fit, S^*^e>aaffi-^(OX--5 y^Cgfut, 

vx&mz&wi-i-z. m3u-^xmG3" fit, r©±5 

*2UVX#G2* *itf|j3l/^»G3' W«H&fc 

[**WfjE 1 5 ] 
IffijEfti&mB&l 0 0 6 0 

mttm mm. 

[0 0 6 0] ro±5t. *3l/VX»G3' fc, 4fe# 



L8 - ) #HS->Pl 1 - 1 9 4 2 7 4 « 

PG2" ©x-?>7— Aa-SrfeM^-fr/i^^^oo^S-a 
*>*T, JR2 1/>XS^G2 / ' co#Sj*^>^< Lt, /h 

2U>X#G2' SBlqjROSfct, III 

2l/yX»G2' t-*fc»lt5. L7t*SoT, MP 
Rt)StJ;t)l2i/y/SG2' <o#l&-dssSff 
ififc&V\ ±!2fll~fg3 l^yXffGl' ~G3' fit, 

X|¥ (M=l~3) o*jiHEKSr £ M iU fcfiiQlzjs 

(i) ~ (3) im&-rzt.5izmi&ztiT^5. 
immmiEi 6] 

[iIEJ5f«SI«] 0 0 7 2 

[ffiiE^ife] she 

[0 0 7 2] 

*^JE©«-W***i-5-»3*3ft***EKl^, ituffijfl 
fc»»UT3EffiFSrfrv\ MEM 3 H3fcMM&jEMffi£g 

tffc-ljl^XfrWL.. fflffi «2iS^»tt#aftflii*ltm 

^2M®2^.tfc, 1-- vXftjt 'gX — A u vx 

S- ff^c l B o /h gj-fe-f-a yy&iz. -y 2 u yxsr-^ 

^»S-MlE X— a ^XSrft^-TS r b 

•5. ^iL, ^Mffl^M^3L2^Xr: a u>Xic JrixiJ. 

u ^xftST-fe 19 ft a* g,. / ixgi-t* h -oiig &mz.miF 

[#M«IE 1 7 ] 
[«IE*t-*^g^] 0 0 7 3 

mtttei mis. 

[0 0 7 3] *-M^<©«*^3_WX— Al/vXfcitl. 



(19) 
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< /hMS l2lHiiiaM^ z t Wis £ 
fc. ^:%g^(Dff^Jg4(OX'— A i/yXl: MEjj 

frPiih-fS 5. 
[#iMf IE 1 8 ] 

[«jE*f*SB*] 0 0 7 4 
[iiE*ife] ^Jg 
[}§IEi^] 

[0 0 7 4] *^?gcOff*^J.(7>X— AlxVX'fiitl, 

(1) 2. 6 2< I f_ i 1 / f; <2. 



E_LT^iL±Jii^ * flWMWKUfcil-t- 5 ^ = ^ * X 

rt feiE k >^ a^jga £ as % tfr it y = a # xttcDiE 

X'. «fflllfcaiBi»l6lttfc?t=^^^^<0.1FU-vX»iP.g 
<ttM/>XftfT-X-AuyX»i6?.L. Ho. %S2i& 

«M»^^aS (M=l~3) <Ptt£BEMB» f e . g^ffi 

a*. ■ 

7 2 ( f i < 0) 



(2) f;/f;<3. 4 

(3) 0. 57<f 2 /f, <0. 65 ( f ? > 0, f ? > 0) 



(3) offiM^tarHaor. Milk^X&ts 



(20) 



ftfflW- 11-19 4 



BSfrB] 14f 9^256 (2002. 9. 25) 

[&M*#] <&mW- 1 1 - 1 9 4 2 7 4 

spfigl 1^7J! 2 10 (1999. 7. 2 1) 

i^m^m ^m^n&m 11-1943 

ftJK? 10-10013 

G02B 15/20 
13/18 
13/22 

[F I] 

G02B 15/20 
13/18 
13/22 



mtUBl ¥/£l 4^7M 4 0 (2 0 0 2. 7. 4) 
l^ffiffilE 1 ] 

ESS 2 g^aitt^fBf * »»tt» 7F u v?r l 
jh8b^2«i^»m- 4*i# :ma^iiift|^ | fiia>oT m b 

X 

(l) 



ffia*gEMffig&J2 j^HMBia ftttfr ft* fc« 
v^jE<oS*f*#a< *5ft2*3: tSr#mt-r5» 

[gf ^ 5 ] ifufEfg 1 HS^ ^ra. #ifeffii|^^#fflif^. 

-ft u>-x>. 



mjL&£ msLmz r t t±s w^m 1 e e ms 



A U- ^X_ 

. CiMU mMm*.m^ (m= sspfff 



£-2-^J-L. JVF w <2. 72 LL X <-P-L 



-IgJ L3^w<_3^ 



0. 5 7<f 1 ZI 1 <0^ 



— H^^o^_x A ^_oi_ 

[#«tIE2] 



(21) 



mmW-l 1 - 1 9 4 2 7 4 



WtuE*f*^@£] 0 0 0 9 

[0 0 0 9] #3&9§fi, ±3ffiLfc*f&fc«*Tft£;frfc 
3SBJJcott*«l jaSitSf^Xftftas/M 

ttfex- a k >^mm± 2> ~ ^&a. 
i^mm-jE 3 1 

imiEM^ms^,} ooio 

[filEf*)^] 

[0 0 10] *^K<D|g^3g3.0@6<jtt, /^M2 
gc jtg ^ -A^y Xfr gflrt- 5 t ir & 

fc*>a. *mw<pm?km s <o b mi*. mm&MM&sm 

tc. />&v^^Xtet&-c-. u^X*SP*-/N;jc < ^* 
12 uvxar<SB4^aiig»*»*MfcMiFi»a 

^-i>uyXfrjifttSr.j;(:>)5. :*:%W<PI»3ft:ig7 

[«iE*f*SS£] 0 0 11 
[0011] 

(1) 2 . 6 2 < I f j _ I /F ^<2. 
-X2J fj t/fwO. 4 



»£*tjEU Sul5^2i^t^li, ftttiijMifEfcl^Sj 
LTJC«*ffv\ MI2MXii3EM2EajfcmM2Jg£t&i 
u yXjrWt, map.« 2 ^j ^MaifeMffi^ilfeg u 
vX&^l. whims ^fcfiiia^^ffl^ia 

tZ^BI Kia V ^ffiili » fel r t jE U VX. qft V ^ #r 

«i:LTV*a. »sft3g2 t^lF.«Lfe^:^W^fil5X—A 
k^it «3»^aia:a5» i«r<pjEu>-X-c«Bt'.Lfcr 

[#»*rE 5 ] 

[«n*t*»m^] mmm 
miEftmmm£i 0012 

[*E^S] SHE 

[0 0 12] !f*5 3.ii|S*bfc*MPJ(w#5X-A u- 
>Xf4, «S3iSfl;3fe»MtX-S v-yfcBS LT»«r*-a r 

xa, i^ifcg^jaaLLuaiiML m&Mm^^m 

fgl jg^ ^re. #i&W>^ffll^frn;^oT. Mffr. to 

e>»fc h,a fcfiEv <pjffl»f ?i asa < ft a a 

6 ] 

mjEttmmm&i 0013 

[MiEf*!^] 

[0 0 13] s**5^IE«gb7t*^K^#aX— AU 

M&, «i^ffil^^v>Bffifii»iftttfelFu^X. 
£bS»[6ittfey =^^7^,^g>TFU>X. tommzdhrSj*- 

-^^xfCTi/yX»S?,f Lr^a4o^)i/yx>^ 
i5X- AU^Xli, ^MSf^^m (M= 1 — 3 ) CD^ 

72 (f x <0) 



(22) 
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0. 57 <f,Zf.,<0. 6 5 (J_ 2 >_p. 



HMfcJft jE 7 ] 

mjEm^mB^} ooh 

[0 0 14] 

«*f*4r*+S*3»*^*SrERL, fOTE3f 28^ 
^®^r#:«iJi^ X-5 v^|r^2^^ir— 

r t te J: 5 . ^«ijic£,^ffl^ic:#|g, LTi^ffii©8!B 
tt±££^#ffiiJ^#»U &*-T?»Ri;£|S|£ft«|;:g 
[#«MSJE 8 ] 

IWlEMMmB^l 0 0 17 

[0017] ii^*«wteft5^Au>xtt, me 

II- t&ffitr fn] Ct fc ^ — ^. * * ^co IE u- vX£gEg L T 
[3^«jE 9 ] 

HftIE*fafc«S£] 0 0 18 
[*jE*jSfe] SfJE 
tffiEF^] 

[0018] i^*j8Hti5x- Al/i ,x«; ( mm 



X 3 > 0) 



©ft t 5 3E U >-X©%#:#j© u y 

X~ffi^fft^f,g|t!>5{^V^IE(DS^^i|< ft 5^ 

[^fSffijE 1 0 ] 
IMjEftmmB&l 0 0 2 2 
[WjEP^^] 

[0 0 2 2] Hi UvXf^G 1 Si, iCAM^&afltttks 
OX-Sy^LT, HI 1 fcjjfrf- ± 5 fc, 

MjsS^coX-? v^'tr^LTW, ^ffi|E03aB4-« 
f&3U>X|$G3tt, iXftiftfribmm^iDX—*^? 

[^tttfiE 1 1 ] 

[*!E;Stf#!#fK£] 
[lI^ttSBiS] 0 0 2 3 

[ffilErt^] 

[0 0 2 3] 13 l/yX»G3B, :o±5l!:.ft#« 
S¥ G 2 *> i CJtJS 3 U >Xm G 3 <0»» Iz X -5 f z 

W± 5K, *3 l^VXf^G 3 %ftftiJ(ca©M^(ia 

»G2©»»*Sri>jJe< LT, /J^T?J.o^fS^H^ 

[**B*jE 1 2 ] 
[*jE#fSi;#S£] SHifffl# 
[WjE^^S^] 0 0 4 5 
[«IE3rffi] 
[*jEf*J^] 

[0 0 4 5] ifij, H5 d&^Tte, =S-ffiMPi©^#Sr^ 

*lt*5#, mi iiftLfefti^DTfes. u-vx 

Ll' *SiotL2' *»6*5JSl l/yX»Gl' «t, * 
©aff^7Sr#i-5 0 U>XL3' ~L6' ^?>^5^2 
l^>XHG2 / tt, iE^Siff^;^*1-5„ U>XL7' 

^ 1 U>X|¥G 1 ' (4, EM^e.MS8^0X-$ y 



(23) 
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[^iMitlE 1 3 1 

miE#iftmg%i oo46 

CO 0 4 6] ^2uyX^G2' tt. j£ft«ga>&2&iig 
13 l/VX;#G 3' fi, mfitiBfabmMi&^OX 

G3' tt. ^#:«cdh^^oiw&^ 

XS¥G3' %#:iliJi-ia^M«ica^Sfj$-ti:5r t 
JR2 u-vXg£G 2' (D;<V— AiS^fgaS^-tirft 
^^^fgoffiifj^a^T, f!2u>-Xi£G2' 

[3^ffiIEl 4] 

[*iE^#a^] mm* 

IffiJEft&mEZ,] 0 0 5 9 
MjEI*!*] 

[0 0 5 9] ^1 U^XSG 1 * £ftffia>£>£&«8 

LT, **±«rWff«K*PfcfWH-5. 13 l/^Xp 
G3" tt, /£fcfH*»&3iaft^©X— 5^fc|»L.-C, 

[#iMtIE 1 5 ] 
[*IE*f#>«II£] g§*a« 
HfiIE*t*«B£] 0 0 6 0 

W&jEI*!^] 

[0 0 6 0] ;©i5C IS3 l/yXfG3* . 
fl!lfcia©3llM*fcffi««f»£*5r. fcfcJ: 0, I2i/yX 



SG 2 " coxN*«7-^feSrg®$-fr*^e,S!fgw^S:S 
fc-tirT, W.2 1/VXSG2" ^fftSr^ft < Lt, /J> 

2 u yXiG 2 " ©4M*fll|fcffi»f-3 BH V) s tt, SB 

»0SCi!3l2 l/yXiG2" ©WW^^Si 
&tt&V\ ±!EIl~I3l/yX»Gl' ~G3" tt, 
j(5lJ3J:05»2©S5Je©3gtBo»&4:IS«^, IMuy 

xp (m= i ~3) nm&mm&tu tu /s^cjc*. 

(l) ~ (3) Sr?m-T5 J; 5(-«^$tLTVN^o 
HM**f IE 1 6 ] 

[MiE*f*«Si&] 0 0 7 2 

tttlE^ffi] 

HtlEF^] 

[0 0 7 2] 

BiK«3!)*] EUixB-^fcJ; 5t-, *^?qrof«*^l{c 
±*Uf, %#:«iJ*^^{|iJ— fa^oT, fkV>m$tf] 

*^iE©JBW;fc&#i-5*3#3te^JR«:EKU ifJlESR 

VX. «tfl:ffiti^WtV^#riii»|6Ht/S:jEU^X/ feffl£gj 
^ffl»fB3ri6it*fc-Suvx. Ey>X»i?.gLT^6 « 
fifc T-feS yyXftS t'X-A y yX 

L ^ /I «t5 ^LiuLj^ g 2 u vXj|gg£ 

!L /£-fts^^g>MP5i^(^X— s MM 

f 3 1 ft©lF u yXT-«^ tfc©f. 

[#fg«IE 1 7 ] 
[*IE*f*«S^] 0 0 7 3 

HijE^rife] 

[0 0 7 3] *&W<Dm&Tg3_<DX— A u>X\z£il 
If, «3»jte^fe» ^. X^jyMlJ«t^ 



(24) 
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[#tt*&iE 1 8 ] 
[«jE*f*«B45] 0 0 7 4 

[0 0 7 4] *^WcD|f*^5.COX— Al/y/Citi 
tf, MESS 1 aHfc3£3E K£. ttilMMfr r 

(1) 2. 6 2 < | f ,_J^±»^2^ 



(2) f a /f. < 3. 4 

(3) 0 



wa>p>«ffii ^isia>oT. rear. 4frftfflt;i^ja*frifr»tpi 



5. ^^Pfl coit^ii7^X-AU>-X'{ci:^'. 
mMM±*tm (M= 1 ~ 3 ) <?^t,£grag» f „ 

£L : 
7 2 LLi <Q) 



5 7<f, X f 



(2) <DW.mk-tz~yiz.i oT. Mmmm^MMii 



< 0. 6 5 (f , >Q, f ■ > 0) 



(3) (Qii?. a^i-5r tJ± t, -^t- ; K^'i/yx»T 



